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Abstract 

Acute Lymphoblastic Leukemia (ALL) is the most prevalent acute leukemia in children and it also represents a 

devastating disease when it occurs in adults. Within the United States, the incidence of ALL is estimated at 1.6 per 100 

000 population and an estimated 6590 new cases were diagnosed in 2016 alone. The enzyme L-asparaginase (L-Asp) is 

being used for treatment of childhood acute lymphoblastic leukemia (ALL) for many years because of its unique 

pharmacological features and historically improved treatment outcomes. As Lasparaginase demonstrates relative 

substrate specificity and at the same time affects the glutamine metabolism, these may intensify adverse effects including 

hepatotoxicity, hemostatic disorders and hyperglycemia. That’s why alternative L-asparaginase sources are crying 

needed to tackle the present drawbacks of commercially available L-asparaginase (For example, PEG-asparaginase from 

Erwiniachry santhemi). The present study planned to suggest an alternative source of L-asparaginase for ALL treatment 

by in silico analysis, mostly for child patient. The study included phylogenetic tree construction, physiochemical 

properties analysis, the secondary structure screening and three-dimensional structure prediction of proposed L-

asparaginase. After phylogeny analysis and in slico screening of physiochemical and secondary properties, homology 

modeling of L-asparaginase Shigella boydii (WP_000513786.1) was uggested as the best alternative option for ALL 

treatment rather than commercially available L-asparaginase sources. 
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Introduction 

Acute lymphoblastic leukaemia (ALL) is a malignant 
disorder of lymphoid progenitor cells characterized by 
the overproduction and accumulation of cancerous 
immature white blood cells. While ALL occurs mostly in 
children (80%), it also represents a devastating 
phenomenon when it occurs in adults [1]. Though the 
causation is multifactorial and exogenous or endogenous 
exposures, genetic susceptibility and chance have roles, 
but recent outbreaks and frequent incidences make ALL 
one of the most concerned health issue [2]. For examples, 
the incidence of ALL is estimated at 1.6 per 100 000 
population in the United State and In 2016 alone, an 
estimated 6590 new cases were diagnosed, with over 
1400 deaths due to ALL (American Cancer Society) [1]. 
The treatment of paediatric acute lymphoblastic 
leukaemiahas improved dramatically and survival 
increased from 0-5% in the 1960s to 80-85% nowadays 
[3]. 

 
L ‑ asparaginase is an important component of 

induction and consolidation multidrug chemotherapy in 
children and adults with ALL [4]. L-asparaginase mainly 
used in amalgamation with vincristine and a 
glucocorticoid (e.g. Dexamethasone) [5]. The enzyme L-
asparaginase (L-Asp) has been commonly used for 
treatment of childhood acute lymphoblastic leukemia 
(ALL) for more than 30 years [6-8]. Because of its unique 
pharmacological features and historically improved 
treatment outcomes, L-Asp forms an essential part of ALL 
regimens worldwide [9]. This enzyme impedes tumor cell 
growth by depriving them from growth related nutrition 
[10]. In addition, asparaginase is a non-human enzyme 
which hydrolyses asparagine into aspartic acid and 
ammonia. Given that leukemic blasts depend heavily on 
asparagine, deprived of this amino acid, they undergo 
apoptosis [11].  

 
Three asparaginase preparations are available; the 

native asparaginase derived from Escherichia coli (E. coli-
asparaginase), a pegylated form of this enzyme (PEG-
asparaginase) and a product isolated from Erwiniachry 
santhemi, i.e. Erwinia asparaginase [12]. L‑asparaginase 
demonstrates relative substrate specificity and at the 
same time affects the glutamine metabolism, which may 

intensify adverse effects including hepatotoxicity, 
hemostatic disorders and hyperglycemia [13]. The 
majority of adverse effects during L ‑ asparaginase 

treatment are related with a transient protein inhibition 
in the liver and pancreas [14]. In earlier published studies 
on adult patients and children, the presence of E.coli L‑
asparaginase antibodies during multiple administrations 
was reported in 28–96% of patients, while severe allergic 
reactions were observed in 24% of children and 29% of 
adults [15]. However, many other adverse effects of L-Asp 
have been documented, such as coagulopathy, acute 
pancreatitis, allergic reaction, hyperlipidemia and 
hyperammonemia [16-19]. The process of treatment in 
case of adult ALL has been adapted from pediatric 
protocols. Unfortunately, while long-term survival 
approaches 90% for standard-risk pediatric ALL, the 
success rate is much more modest in adults but in case of 
children it hopes less remedy [20]. So, the present study 
planned to suggest an alternative source of l-asparaginase 
for ALL treatment, mostly for child patient by in silico 
analysis that would be therapeutically administered to 
result in fewer side effects. This study focused on the 
phylogenetic analysis for human resembled L-
asparaginase source screening, physiochemical properties 
and three-dimensional structure prediction of proposed 
L-asparaginase.  
 

Methods 

Sequence Retrieval  

The sequences of L -asparaginase were retrieved from 
NCBI (National Center for Biotechnology Information) 
(https://www.ncbi.nlm.nih.gov). We used L -asparaginase 
of E. coli (Accesion No: KGM80445) as a template and 
retrieved 192 sequences including Erwiniachry santhemi 
as it served as a source of commercial PEG-asparaginase 
with questionable side effects to patient12 and also Homo 
sapiens for comparative analysis . 
 

Construction of Phylogeny Tree and Selection of 
Alternative Clade for L-Asparaginase  

Phylogenetics is the science of estimating the 
evolutionary past, in the case of molecular phylogeny, 
based on the comparison of DNA or protein sequences. 
We used MEGA 4.2 software for constructing phylogenetic 
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tree among the retrieved 192 sequences of L –
asparaginase [21,22]. 
 

Analysis of Physicochemical Parameters  

The different physicochemical properties of L-
asparaginase found from the selected phylogentic clade 
were computed using ExPASy’sProtParam tool and these 
properties can be deduced from a protein sequence 
[23,24]. The ProtParam includes the following computed 
parameters: Molecular weight (M.Wt), theoretical pI, 
instability index (II), aliphatic index (AI) and grand 
average of hydropathicity (GRAVY). The computed 
isolelectric point (pI) will be useful for developing buffer 
systems for purification by isoelectric focusing method 
[25]. The instability index provides an estimate of the 
stability of our protein. A protein whose instability index 
is smaller than 40 is predicted as stable; a value above 40 
predicts that the protein may be unstable [26]. The 
aliphatic index of a protein is defined as the relative 
volume occupied by aliphatic side chains (alanine, valine, 
isoleucine, and leucine). It may be regarded as a positive 
factor for the increase of thermo stability of globular [27].  
 

The Secondary Structure Analysis 

The secondary structure was predicted by ‘Self 
Optimized Prediction Method’ with Alignment (SOPMA). 
SOPMA was employed for calculating the secondary 
structural features of the selected protein sequences 
considered in this study [28]. This method calculates the 
content of α-helix, βsheets, turns, random coils and 
extended strands. SOPMA is a neural network based 
methods; global sequence prediction may be done by this 
sequence method [29]. 
 

Homology Modelling 

Homology modeling helps to construct a three 
dimensional structure of proposed protein molecule [30]. 
Amino acid sequences of Shigella boydii (AC No. 
WP_000513786.1) and Shigella flexneri k-315 (AC 
No.EIQ25923.1) were taken for homology modeling and 
pBLAST was done with PDB as these two L-asparaginase 
sequences were identified relatively close with E.coli from 
ProtParam and SOPMA analysis. Homology modeling of L-
asparaginase from Shigella boydii (AC No. 

WP_000513786.1) and Shigella flexneri k-315 (AC 
No.EIQ25923.1) was done by I-tasser [31,32]. 
 

Model Validation 

In silico modelling generally have errors in the initial 
structure. So, validation of algorithm based protein model 
is an essential part. Different procedures were implied to 
check the error rate of the models [33-35]. Stereo 
chemical quality and energy parameters were assessed to 
determine whether the bond lengths and angles within 
normal ranges. For this reason, we used RAMPAGE, 
ERRAT, PROCHECK to extrapolate the validation rate of 
the protein models [36-39]. 

 

Results 

Phylogenetic Tree Analysis 

Phylogenetic tree was constructed among retrieved 
192 sequences of L-asparagine by neighbor joining 
method. We then manually identified the clade which has 
E.coli L-asparaginase, clustered with other L-asparaginase 
amino acid sequences. Selected clade have thirteen amino 
acid sequences which are closely associated with E.coli L-
asparaginase (Figure 1) (WP_040002975.1, 
WP_029685647.1, WP_051619038.1,WP_024107744.1, 
WP_012882884.1, WP_019938543.1, WP_025517848.1, 
WP_051484355.1, WP_000513786.1, WP_039059459.1, 
EIQ25923.1, WP_000513771.1, EST84617.1) and those 
sequences were allowed to further analysis. 
 

Screening of alternative L-asparaginase by 
Physiochemical Characteristics 

Physiochemical characteristics of selected sequences 
were done by ProParam tool. Comparative analysis of 
selected 13 L-asparaginase sequences was done and L-
asparaginase of Shigella boydii (Access No: 
WP_000513786.1) was found more similar to E.coli 
(Access no. KGM80445.1). ProtParam analysis presented 
that L-asparaginase of Shigella boydii was about 51 KDa 
and theoretical pI is similar to E.coli as 4.92. Instability 
index indicates half-life of a protein (30) which was 27.47 
for Shigella boydii close to 29.46 of E.coli L-asparaginase. 
In addition, aliphatic index for both proteins were 89.75 
and 85.61 respectively (Table 1). 
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Figure 1: Phylogenetic Tree of L-asparaginase Generated by MEGA 4.2. 
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Accession number Molecular weight Theoretical pI GRAVY Instability index Aliphatic index 
WP_040002975.1 32695.9 5.04 0.019 28.92 89.58 
WP_029685647.1 36859 4.89 -0.178 36.8 80 
WP_051619038.1 41337.7 4.98 -0.071 28.62 83.93 
WP_024107744.1 33787 5.32 -0.075 28.62 85.56 
WP_012882884.1 38313 5.11 -0.11 28.11 85.29 
WP_019938543.1 34005.5 5.45 0.066 20.44 88.2 
WP_025517848.1 39017.1 5.38 -0.029 26.68 87.72 
WP_051484355.1 42336.7 5.08 -0.052 29.09 85.36 

KGM80445.1 46629.9 4.92 0.041 29.46 89.75 
WP_000513786.1 51074.8 4.92 -0.03 27.47 85.61 
WP_039059459.1 55521.6 4.91 -0.09 26.3 81.74 

EIQ25923.1 33326.9 4.88 0.112 33.78 90.69 
WP_000513771.1 33287.9 4.93 0.125 32.86 91 

EST84617.1 33004.5 4.83 0.094 33.93 90.6 
NP_001077395.1 32054.5 5.84 -0.13 16.68 84.87 

Table 1: Prot Param analysis of selected amino acid from Phylogenetic Tree. 

 

Screening of Alternative L-Asparaginase From 
Secondary Structure 

Secondary structure parameters were considered 
another screening tool for alternation L-asparaginase 
identification. From the SOPMA analysis we compared 

eight parameters among the selected thirteen sequences 
taken from phylogenetic analysis. Here, another source 
Shigella flexneri k-315 (EIQ25923.1) showed best 
matched to L-asparaginase from E.coli (KGM80445.1) 
(Table 2). 

 

Protein Alpha helix 310 helix Pi helix Beta bridge 
Extranded 

strand 
Beta turn Bend region Random coil 

WP_040002975.1 40.58% 0.00% 0.00% 0.00% 19.49% 10.86% 0.00% 29.07% 

WP_029685647.1 35.94% 0.00% 0.00% 0.00% 20.62% 13.12% 0.00% 30.31% 

WP_051619038.1 38.24% 0.00% 0.00% 0.00% 21.94% 14.73% 0.00% 25.08% 

WP_024107744.1 37.89% 0.00% 0.00% 0.00% 19.88% 11.80% 0.00% 30.43% 

WP_012882884.1 38.94% 0.00% 0.00% 0.00% 19.31% 11.84% 0.00% 29.91% 

WP_019938543.1 37.80% 0.00% 0.00% 0.00% 16.46% 11.28% 0.00% 34.45% 

WP_025517848.1 40.00% 0.00% 0.00% 0.00% 18.46% 12.92% 0.00% 28.62% 

WP_051484355.1 39.74% 0.00% 0.00% 0.00% 15.38% 12.50% 0.00% 32.37% 

KGM80445.1 39.25% 0.00% 0.00% 0.00% 18.38% 12.77% 0.00% 29.60% 

WP_000513786.1 37.07% 0.00% 0.00% 0.00% 19.94% 12.46% 0.00% 30.53% 

WP_039059459.1 38.01% 0.00% 0.00% 0.00% 18.38% 13.08% 0.00% 30.53% 

EIQ25923.1 38.94% 0.00% 0.00% 0.00% 18.38% 13.08% 0.00% 29.60% 

WP_000513771.1 38.63% 0.00% 0.00% 0.00% 18.38% 12.15% 0.00% 30.84% 

EST84617.1 39.75% 0.00% 0.00% 0.00% 17.67% 12.93% 0.00% 29.65% 

NP_001077395.1 28.90% 0.00% 0.00% 0.00% 26.30% 11.04% 0.00% 33.77% 

Table 2: Secondary Structure Analysis of Closely Related L-asparaginase. 
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Homology Modeling of Identified L-Asparagine  

After screening from ProtParam and SOPMA, 
homology modeling was done to extrapolate the three-
dimensional (3D) configuration of the two L-asparaginase, 
Shigella boydii (WP_000513786.1) and Shigellaflexneri k-
315 (EIQ25923.1) as 3D structure of those predicted 
sequences were not available at the Protein Data Bank 
(PDB). Homology model were conducted by using I-tasser 
and among the five models for both. Validation software 
assessed the best structure for both Shigella boydii 
(WP_000513786.1) and Shigella flexneri k-315 
(EIQ25923.1) (Figure 2). 
 

 

 
                        2A                                                      2B 

Figure 2: Homology modeling of alternative L-
asparaginase. 
(2A) Best three-dimensional model of Shigella 
boydiiand  
(2B) Best three-dimensional model of Shigella flexneri 
k-315 
 

Model Validation 

However, in case of Shigella boydii (WP_000513786.1), 
RAMPAGE, ERRAT, PROCHECK found better result. 
ERRAT validated models by statistical relation of non-
bonded interactions among different atom types based on 
characteristic atomic interaction20. It assesses overall 
quality of a model at 0.01 and 0.05 level of significance 
and presents result as overall quality factor. Standard 
high resolution structures generally produces values 
around 95% or higher. Low resolution structures 
produced values around 91%. Figure 3 illustrate ERRAT 
score of predicted models of Shigella boydii, which scored 
overall quality factor more than 90%. Again, the best 
models form Shigella boydii, which was selected on the 
basis of RAMPAGE scored more than 84% (Figure 4). This 
range suggests quality models were predicted by using I-

Tasser. PROCHECK tests stereochemical quality of protein 
structure by evaluating residue-by-residue geometry and 
overall structural geometry. The best model suggested 
that more than 77% amino acid residues were in most 
favored region for these models (Figure 5).  

 

 

 

Figure 3: ERRAT result of best models for L-
asparaginase of Shigella Boydii. 

 
 

 

Figure 4: RAMPAGE output of best models for L-
asparaginase of Shigella boydii. 

 
 

 

Figure 5: PROCHECK analysis result for best models 
for L-asparaginase of Shigella boydii. 
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Color codes are red color- most favorable regions, 
yellow color region- allowed region and pale yellow-
generously allowed region and white color disallowed 
regions. 
 

Discussion 

The retrieved sequences of L -asparaginase were 
allowed to phylogenetic tree construction. Here, L –
asparaginase of Erwiniachry santhemi was included as it 
served as a commercial source PEG-asparaginase with 
questionable side effects to patient12. In case of s 
phylogenetic analysis, screening was done basis on E.coli 
L-asparaginase as E.coli source is considered much better 
option for ALL treatment with less side effects36. A clade 
was identified with 13 L-asparaginase (WP_040002975.1, 
WP_029685647.1, WP_051619038.1, WP_024107744.1, 
WP_012882884.1, WP_019938543.1, WP_025517848.1, 
WP_051484355.1, WP_000513786.1, WP_039059459.1, 
EIQ25923.1, WP_000513771.1, EST84617.1) including 
E.coli L-asparaginase. 

 
From the characterization of physiochemical 

characteristics by ProParam tool, we compared different 
parameters such as; molecular weight, theoretical pI, 
GRAVY, instability index and aliphatic index among 13 
selected sequences. It was revealed that Shigella boydii 
(AC No. WP_000513786.1) could be an alternative source 
of L-asparaginase rather than others selected sources as it 
was more similar to E.coli (Access no. KGM80445.1) in 
different physiochemical characteristics. Secondary 
structure analysis suggested thatanother source Shigella 
flexneri k-315 (EIQ25923.1) could be better option for 
ALL treatment as it is much more closed to L-
asparaginase from E.coli (KGM80445.1). That’s why L-
asparaginase from Shigella boydii (AC No. 
WP_000513786.1) and Shigella flexneri k-315 
(EIQ25923.1) were considered as alternative option for L-
asparaginase sources rather than Erwiniachry santhemi 
(commercial source with side effect) in ALL treatment 
and these were allowed for 3D structure prediction by 
homology modeling.  

 
After screening of physiochemical and secondary 

properties, homology modeling of the two L-asparaginase, 
Shigella boydii (WP_000513786.1) and Shigellaflexneri k-
315 (EIQ25923.1) were done as 3D structure of those 
predicted sequences were not available at the Protein 
Data Bank (PDB). Validation software assessed the best 
structure for both Shigella boydii (WP_000513786.1) and 

Shigella flexneri k-315 (EIQ25923.1) and Shigella boydii 
was found the best alternative option for ALL treatment.  
 

Conclusion 

Cancer in children is rare, although the overall 
incidence ALL has been slowly increasing. Research on 
ALL treatment gets more priority in recent couple of 
years. Commercially available treatments are claimed for 
major side effects and other obstacles. The study focused 
on searching alternative sources of L-asperginanage, as it 
is used in Acute Lymphoblastic Leukemia (ALL) treatment. 
Though it was done by bioinformatics approach, but now-
a-days in silico approaches are being accepted for its huge 
prescreening strategy before wet lab trials. Here, the 
study was employed to investigate available treatment 
methods of Acute Lymphoblastic Leukemia (ALL) and 
suggested better source of therapeutics used in ALL. The 
result could be considered for further wet lab study. 
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